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FACTOR PRICE STABILIZATION WITH
FLEXIBLE PRODUCTION
BRICHARD J. GIutERT*
flrms mat al/apt tojoswr price uncerlainhi' 6, choosing a productiot, ih'chno/ogthat permits
jiexibiliti' in she choice of inputs. This paper shows that under sonic conditions, including ra-
tional expectations on i/iC part of ilei'own-makers. adjusi,nen,s in the chou'e of technique
mat' neu:ral,:e the eflect of a hut/er stock on the long-run price d,ctnhuiion of a eomn,odrii'
used ac a factor of production..onethelesc. a stabilization program could hare desirable IC/-
fare e..eczs if producers are risk-averse and if the cosi of the stahilizaijon program is not too
large.
I. INTRODUCTION
The literature on commodity price stabilization programs deals primarily
with their objectives and design. The problem of formulating policob-
jectives includes the analysis of distribukional impacts of stabilization
programs (Massell [1969], Tisdell [1969], Turnovsky [1976], Newbery
[1976,7], i.e. whether producer or consumers gain from the program, and
by how much. McKinnor, [1967] and Newbery [1977] have explored the
general consequences of alternative stabilization schemes such as buffer
stocks and forward markets, and a number of authors have applied sto-
chastic control techniques to simulate the outcome of particular stabiliza-
tion programs (e.g. Kim, Goreux and Kendrick [1974) for cocoa and
Pindyck [1973)).
This paper examines a component of the market that has been largely
ignored in discussions of commodity stabilization policies, namely the
interaction between the stabilization program and a firm's efficient pro-
duction technology. The result is simple, but not without some impor-
tance. The production technology employed by firms in general depends
on the distribution of input prices.If input prices fluctuate widely, a
technology that affords some flexibility may be used. A program that re-
duces this price variability may also reduce the incentive to employ a
flexible process, The result may be a less elastic derived demand for the
primary commodity, which would increase its price variability,
This is a very loose statement of the results. Section 2 presents a
model based on a fixed proportions production technology. Conditions
on alternative production processes are derived for which attempts at
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521partial stahilitation hineafls of a huller stock has no ellet Oil theeqili.
lihrium price distribution, the equiiihrium price dictrihtitwn alterj.
plenientation ol a huller stock is itleiit:cai to the distribution helorethe
stahihtation program, althoughIn the short run the huller stockfli;i .
efkctive in reducine price lliictuatioisIbis is not a ceneralresulthtit
rather an example x hose purpose is to alert those involved in the
desiep
oleonin'ioditv stahili,ation programs to the poteiitiiil importance of iiìpti
substit utmorliflproduction.
2.Ii iif1Oi)Ii
Since the point ol this paper Is tol!ustrate the possibkextent of
factor substitution in proouetion and its consequences brstahilj,at on




There is only one risky factor oh production. The supply
UnCertajnt
is in ultiphicatmve. and given by
(I) = J"( pl.
where a is a random variable with mean equalto one.
The next assumption concerns the productionpossihilitset of each
firm that uses the risky factor of production.Restricting attention toone
industry with identical firms simplifies accounting,although the results
depend on induced substitution by firms in aitindustries.
A .2 I'roelueiwn
Alt lirrns have the same technologyset for production of the output.
q. There are two fixed proportions techniques:
q =inin(aAA'.aJ. ')
(2h) q=nhin(hAb,bI V ).
Each technique makesuse of a separate capital and variable input
The 1echnologis putty-clay: capital is variablecx ante hut froien in
place cx post. The industryis assumed competitive. So that eachagent






















nornialied price of V5
normalized price of V5
By assumption, onlyis a random variable, and all other prices are con-
stant. That is, the supply of all other factors is infinitely elastic. This as-
sumptionill he reconsidered in the discussion that follows.'
Agents ntaxinlize profits taking prices as given, and it is assumed that
the distribution of' prices is known. If the nature of the stochastic distur-
bances is stationary, it is not unreasonable to expect that the industry will
achieve an equilibrium that is conSiStent, or rational, in the sense sug-
gested by NI tith (1961] and described by Radner [19711 and Grossman
1975]. The equilibrium is such that the price distribution generated h' the
aggregate decisions of the agents is the same distribution each took as
given in the production decision. In this case, the price .depends on the
state of nature. 0. and the total industry demand f'or the factor. It sinipli-
ties matters to assume that U takes on only two values, 0 with probability
a and 0 with probabilityI- a. where (2 > (1, -
Suppose the equilibrium is such that sonic of the timeexceeds p
and some of' the time the converse is true. If firms had installed any ca-
pacity of' type (2b). it would be used whenevera > Ph.Assume for the
moment that industry output is fixed at Q. Each firm and therefore the
total industry, must decide on the amount of capacity, X andX5(where
X is the total output from process (2a) and similarly for X5) in order to
minimize expected total costs.
('(Qo) = mm(raXa+ r5X,, ±o( PoF + p(0i. Qo - - A5))
.S
+ (Ia)(pj(02, A'a),'+ p5(Q,,
The minimization is subject to the constraint that
X, + X, > Q.
The problem described b' (3) requires some explaining. It is assumed
th at
'The iiiIe industrs is an illustration of theeneraI problem considered in this paper.
the use @1 cotion is opposed to ss n thet iC materials calls I or sonies'. hai di Iterent ni ach i ie,s -
the investment iii capital equipment ol either is pe '.'.til depend on the relatise prices 01 cot-
ton and ss nthetie sam. In recent sears, the supply 01 cotton has been more '.Iai,Iei,an
thai of ss nthet,cs
Another e'.aiiiple is eleetrie,is generailon plants that mas he designed to burn either
coal or oil is i th d,tIc rent capacities. hut once constructed the Ca pacit es eaiinot he ch,,iiied
iii the short run.and
..12 )
Of course this need not hold, hut ' itlioutthis assumptioil for ni..




The necessary conditions for efficient production are o ii
r, + (I - (n)( p(Th,X)Ph) A
and X> 0 ii
+ (i( Ph - ji ) A,
where A is the shadow price of the eapacitconstraint. (4).
There arc a number ofFOCCSS con figurations that could he eflicient
lithe industry is the so!e user of the input, its rcason;l ble (hut of cour
not necessary) to expect an ;nterior SOlUtIOn where
: OandX,Q.
This would imply equality in (5) and (6L If'
A+ X>
there is excess capacity in the industry. Note that whetheror not there is
excess capacity,
r += rh + Ph
at an interior solution, where jis the expected equilibrium price of
.
The expected cost of' using either technology to producea given output.
q, is the sanie,hich suggests that itis not necessary for anindividual
firm to employ both processes. If there is excess capacity at the industr
equilibrium some firms must invest in more capacitthan is necessar'. to
producc the desired output heither employing both techniques or one
with excess capacity. In either case, at the efficient equilibriumany one
firm would have an incentive to trim away theexcess fat, hut if all finns
eliminated excess capacit, there would hean incentive to reinvest in
either one process or the other. In other words,s'. ith excess capacity, the
rational expectations equilibrium is stable: hut ii agents' behaviorere
Nash, taking prices as given and ignoring the effects of' total industrb
demand, the equilibrium would not he stable.If' individual production
units each purchase a large share of the total output ofl', the Nash



















firm would be more aware of the effects of its demand on the price dis-
tribution. For this reason, there may he a bias toward horitontal integra-
tion when the environment and technology are such that excess capacit
affurds cost-reducing lieAIbilit\.
3}:(c oiBUFFERSTocKs
A butler stock generally refers to a program of open market pur-
chases and sales with the intent of reducing the variability of supply or
market price. A more precise description of a butler stock program is a
policy function, B(p. U), which gives the net purchase of the butler stock
as a function of the market price and the observable slate of nature. A
balanced buffer stock leaves the mean market supply unchanged, and it
is clear from the elementary theory of random walks that a huller stock
must he balanced if it is to remain operative indefinitely (this is proved
formally in Townsend [1977]).
If the butler stock policy function is B( p.0). the net market supply
of the variable factor is
V(p,0) = Va(p)0-B(p,O).
where Va( p)U is the assumed factor supply function and B( p,O) is the




with< 0 and ó2 > 0. This policy injects a constant fraction of the total
supply at the equilibrium market price in bad times and purchases a con-
stant fraction in good times. The butler stock is balanced if
i(Pi)0 + (1 - a)ô2(p2)02 = 0.
One could propose alternatives to the policy given by (8): for exam-
ple, a policy of a fixed net purchase in each state, or a policy that bounds
the movement of the equilibrium price. The policy described by (8) has the
desirable property that market supply may he expressed as
-)ifO = 0
I"(p)8 =
1.(m)0(1 - 07)ifO = 0,.
The effect of the butler stock is a mean-preserving reduction of risk (in the
sense of Rothschild and Stiglitz 11970]) associated with the factor supply.
The optimality of this buffer stock policy is a question that is beyond the
scope of this paper.I
A huller stock stahilitcs the supply of thevanhle facto1-hut equilibrium price distribution dependson derived denijnj
supply. Consider the case where the industryequilihriucap:Hteh is an interior SQl utton to the cost m mini iia tonproblem bothhet)rcii; after implementation of the buffer stockproi t in arid therek C\. capacity. This requires that the but1r stockonly partia!lvstahijiie Ui supply of the fictor. Before the huller stockprogram 'se have
(10) r + (I )( p(Th, Xfl --Ph) =0
and
(II)
If efficient production remainsinterior with excesscapacitafter the butler stock is implemented, itmust be true that Xe,) andp(i Q - X) arc unchanged. Fhe butlerstock eflectivejchanges lland , but in equilibrium X andX may changeso that (ID) and (H)still hokt This could only occur in thelong-run given theputty-clay techno]ogas- sumption. In the short-run, bothX and Xare fixed and thebutler stock would he effectiveinpartiallystahilitjngPrices. The deried demands would changeover time until pricesreturnej to theorigij distribution
Figure I illustratesa potential consequence ofthe butler stockunder the assumed productionconditions Before theStabilizationprogram, the supply of the factor isV(O1) in the lowstate of nature andV0(Th) in the high state. The bufferstock reduces thevariability of supplyto and Ja(0). In [lieabsence of a butlerstock, the inputprice alternates between p andp, and the efficient levelsof industrycapacities arc X and X, In theshort-run thesecapacities are fixed andthe butler stock is effective in reducingthe price variance.Indeed, in thisexample, if demand for V0 continuedat X in the highstate and Q0- Xin the low state the factor pricewould be "high" whensupply is high and"low" when suppl is low,2 Withexcess capacjdeniand can bereduced in the highstate and increased in the lowstate. The lictorpriceoufd be Stabilizedat price Pb which is the value that
minimizes costs givenX and X. When the priceof the variableinput V0 isp, itis not protitable to install additionalcapacit' for eitherprocess (ci. equations (6)and (7)) Capital thatdeteriorates with thepassage of time wouldnot he replaced until the levelsof capacitiesreached X arid X.If
k'+ A',>
21 hisSltUatioa is anziIogoijto the peak-loadreserl problem in utitipricing.here I iarjfl at the timeof flxi deniand may Nhmflthe peak to a dmilreittime (ce. eg Bailey and Whitei974
2 (m











equations (10) and (II) still apply and the price of the variablefactor
would alternate between p and p. The time path of the pricedistribution
is illustrated schematically in figure 2, where i is theimplementation date
of the buffer stock.
The case described is special in that firms invest in excesscapacity
until the marginal cost of the capacity equals theexpected marginal
benefit from flexible production. There is no reason to expectthis to be
typical. If there is no excess capacity in the industry that usesthe variable
factor, the derived demand for the inputwould be independent of the
state of nature and a buffer stock wouldsucceed in reducing the variance
of the factor price. In this case, cost-minimization per seis not a motive
for factor substitution in response to price variability,although the desire
to avoid risk ma" cause entrepreneurs toreduce the employment of a fac-
tor with a highly variable price.
We have assumed in the previous analysisthat the efficient capacity
levels X* and X were interior solutions to thecost-minimization prob-
lem, Of course it may be that either X or Xh orboth equal total output,
Qo. If both X0 and Xb equal Qo, abuffer stock would succeed in reducing




































IIonlv X equals Q(j, the pricewhen supply is lowwould remaiiistation. ark' in the long-run, anda htilkr stock would raise theprice whensuppl is high. flunk' Xh equalsQ0. a hul1ir stock wouldsucceed only in lo\er- lug the long-run price ofthe variable factor whensupply is low Inthese cases, a buffer stock would heefIectivc in changing theprice in goodOr bad times, but not both.
Implicit in the precedingdiscussion is theassumption that the butler stock is Sufficiently S!llallthat it does not leadto a discontinuous
change in the productionprocess. In other words, ifthere is excesscapacity be- fore the stabilizationprogram, excess capacityContinues to he elliciem afterwards An obviousexception to this isa huller stock that perfectJ stabilizes market supply.Such a program cleanssucceeds in stabilizing the factor price.
The results dependon the assumption thatsupply elasticities of the other inputsare very large. Perhapsmost important is thesupply elas- ticity of the alternativevariable input J. Thedemand for this factormay vary widely overa short period of time,and in the short-run thesuppls elasticitymay be quite inelasticA butler stockill ass partially stabilize the price ofthe uncertainflctor, V, if thesuppis elasticity of Vb is fInite. Thismay he seen froruiequation (II), noting thatp niav de- pend on totaldemand X. ThebullCr stock cllCctivelsincreases (iand therefore reducesthe demand torthe alternative inputfactor. lii doing so. the butler stockalso loCfs thelong-run input price inthe low state of nature, p0(U,Qo -- Xfl The bulICrstock has no efiCct in thelong-run if Ph is independent oftotal deniand Thissuggests that important param- eters in empiricalstudies of stahilutatuonprograms are the supply elastic- ities of alternativevariable inputs.
S2s4. I)i.siiintiIDNAI.N ',sc i
The etlect of a huffiar stock program on productioncostsill he con-
sidered for the case in which the capacity levels .Vand .kare positive hut
1c.s thanQ0,and the sum of .Vulus X5 exceeds Q, This is the interior
solution with excess capacity. Rehrring to figure I,a (small) buffer stock
changes the long-run efficient capacity levels from .k'to .Vand from .k'
to X,. If the supply of the alternative variable factor is pertectlelastic,
the butler stock has no effect on the price distribution alter X and X,,are
adjusted to their efficient levels. The actual magnitudes of X andXh are
determined by the conditions
Q1Xfl = Pa('1,-
and
P(02' X,) = ..V,),
provided the solution reflha!ns interior with excess capacity.
The effect of the butler stock on the total production costmay he
lion- determined by rewriting equation (3) as
PPLY (12) C'(Q0)= 1r + (I )[p(Th, X) --
)Wer-
these + 1r5 + (}[J)- Pa(0i' )] I
d or + ,- X,,)4(I - a)PhQc.
When there is an interior solution with excess capacity, equations( iO Uer and (II) hold and the tirst two bracketed terms in equation (12) are iero.
Cit1L Total production costs are simply
cient C(Q0)=kpa(Oi,Qo - Xb) +(I-
ctty The total cost of production is not affected by a small buffer stockpro-
izing gram if the price, Ph' is independent of the industry derived demand. The
total installed capacity is lower with a bulfer stock. This lowers total
the capacity costs, but the variable cost of production is increased because
elas- there is less input flexibility when installed capacity is reduced. In equilib-
may rium, the savings from the reduction of installed capacity arc just offset by
pplv the increase in expected operating costs from reduced flexibility.
tially
iv of 5. EQuuJnRtc1
de-
arid There has been no mention as yet of equilibrium in the market for
, the industry's output. This is somewhat perverse, since most discussions
te of of flexibility are concerned with the cost of varying the level of output
if rather than the cost of adapting to fluctuating input prices. Output van-
ram- ability was the motivation for Stigler's 11939] discussion of static efficiency
astic- versus flexibility, and the work on inventory theory and models., of which
Mills [1962], Orr [19671 and Arrow [1958] are but a very small sample, is
29largely concerned with this issue A production technology" rh OUtpi
I1exi1)ilithas a relatively "tlat' short-run average cost CU(',Stithat ad-
jtistnients in output can he niaulc s ithoini appreciahk changi
piod Ucti() fl CostS.3
A production technology thata It L)r(IOUtput hex ibiljt
flnl
necessarily oiler flexibility with regard to lactor price changeslhere
he a positive correlation in the two kinds of h1exihilitif m incr.,
(decrease) in the supply oh an input tacto r leads to a Ia rueincrease Uk-
crease) in the efficient level of industroutput, since this n1alimit u
fluctuations in the input price. Whether this is so depends,hosever
the demand elasticity for industry output and the level(itthe derived
demand for the factor.
Solutions to the cost-minim itatnon problem (3) thathave esce
capacity clearly exhibit some output tiexihility. Let Q( P) hethe demand
function for industry output, where I' is the price ofOUtl)(itIF there i
excess capacity, the marginal cost of output ispifIIII: and PaPI.
QoXh ) otherwise. Writing p', for PaU 'h) and p; for p(Th,k.> expected profits are
11 =pQ(J)) - (phX +p,( Q( p,)-X ))
+ (I -a)phQ(p)-(I)Xa + Ph(Q(ph)
(rdXa +rhkh).
Provided there is an interior solution withexcess capacitso that
X, + X,> >
the necessary conditions forprofIt-maximization are given h(10) and
(II), with Q( p) replacing Q in (It).There is nothe additional con-
dition that capacity increase untilexpected profits are zero.
A market equilibrium is illustrated infigure 3. The curves S and S:
are short-run supply functionscorresponding to 0=lland Th. The
capacities X and X,are the long-run equilibrium solutionsto (3). For
0 = 0, the outputprice cannot exceedPh for Q <: (although it could
be less). 1-or Q > X, theoutput price is p(O, Q -,i) as long as there
is excess capacity. Similarly,when 00, the output price is hounded
above by p(0,, Q) forQ ., and equals pfor Q .'ias long a
total capacity is not exceeded.
If a butler stock changesthe distribution of 0, hut thecOst-flhininhi/-
ing solution for Xandremain interior withexcess capacity, there i
again no eflect on theequilibrium price distribution. Ingeneral, the argu-
ments made previously for thecase of a constant output also apply when






































industry output adjusts to a zero expected profit equilibrium. TheOfli
difference is that the price of the input depends on output demand elas-
ticity as well as on the factor supply elasticity, and the derived demand
for the fIxed factor is more elastic than in the case of a fixed output.
6. SUMMARY
In the long-run, both the level of derived deniand for a particularfac-
tor and the elasticity of substitution between the factorarid others depend
on the expected distribution of input pricesand demand. The distribution
of prices. in turn, depends on both factor supply and aggregatederived
demand. The main point of this paper is to illustrate thepotential inipor-
tance of these relations in the design ofcommodity price stabilization
programs. We have shown that in sonic cases, abuffer stock may have a
negligible impact on prices in the long run, although there may heinipor-
tant welfare implications. The results presentedin this paper clearly de-
pend on the assumption of rational expectations on the partof producers.
The consequences of rational expectations for a stabilization program
using buffer stocks parallel the effects of rational expectations onthe
adjustments to nionctarv policy, described by Lucas [19721,Sargent and
Wallace [1975] and others.
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/
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(11uflcr. native programs, such as Ior;iid ma rkets and tariffs,should he
. sidered.4 A program that does hot interfere sit h coin moditvprice.,or total supplies ssII have no effects on the choke of' prodUct On technique
and therefore xviII not cive firms ails incentiVe to shift the
burden of risk..
hearing.I lowever, alteriiative programs will have diflerentiaf
efFects on total welfare and the distribution of gains betweenproducers andCOn-
sumers Secondly, the d!slinctiofl betss ecu the short and long
run has n
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rational expectations i!I a world of imperfect andchanging inf'orrna1
and considerable work remains to he donein modelling the dynamicsof
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